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1. Introduction
This conference was jointly sponsored by the American Meteorological Society (AMS) and the Air Pollution Control Association (APCA). This meeting is
held every other year. This year it was held 30 January-3 February 1989 at the Disneyland Hotel in Anaheim, California, and we were fortunate to be part
of the AMS Annual Meeting. The purpose of this
meeting is to provide a forum for communication between meteorologists, atmospheric chemists, cloud
physicists, biologists, and related disciplines. This
was facilitated by being part of the AMS Annual
Meeting. A joint session was held with the Symposium on the Role of Clouds in Atmospheric Chemistry
and Climate chaired by James Coakley.
Close to 100 papers were presented at this meeting
including 12 poster presentations. W e made a special
effort to provide the dignified forum that a poster presentation deserves.
Extended abstracts from this meeting have been
published as conference proceedings by the AMS in
1989. Brief summaries and some of the session highlights are presented below.

2. Session summaries
a. Session ]2A.

In-Cloud

with Symposium
Atmospheric

Chemistry

(Joint

on the Role of Clouds

Chemistry

and Global

(D. Lamb and W. Chamedies,

Session
in

Climate)

co-chairmen)

The first half of the Joint Session on In-Cloud Chemistry focused on microscale physical and chemical
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processes active in liquid-phase clouds. P. Davidovits
presented the laboratory results of Jayne et al., which
showed that the mass accommodation coefficient of
hydrogen peroxide contacting water drops varies significantly with temperature, whereas that of sulfur
dioxide does not, suggesting different mechanisms of
uptake. However, the magnitudes of these coefficients are relatively large at all realistic temperatures,
so interfacial mass transport is not likely to limit heterogeneous interactions between these two gases. S.
Penkett described intensive field measurements of the
oxidation of sulfur dioxide by hydrogen perioxide in
orographic clouds. The average rate constant determined in three different ways from the field data was
found to be several times larger than that measured
in controlled laboratory experiments, suggesting that
the in-cloud oxidation of sulfur dioxide may be more
complicated than previously thought. B. Faust presented a paper on "Photolysis of Fe(lll)-Hydroxy
Complexes as a source of Hydroxyl Radicals in
Clouds, Fog and Rain." S. Mueller presented longerterm field results on the deposition of water and ionic
chemicals to a high-elevation Appalachian forest.
The deposition patterns by rain and cloud impaction
show strong seasonal dependencies dominated by
sulfate. Whereas, cloud water interception accounts
for only about 30% of the total water deposited,
about 80% of the deposition of sulfate, nitrate, and
free acidity is contributed by this mechanism. C. Walcek showed results from a multiphase chemical reaction used to investigate hydrogen peroxide
production in cloud updrafts. While peroxide formation rates tend to increase in response to increasing concentrations of certain organic compounds,
opposite sensitivity occurs with sulfur dioxide and
nitrogen oxides. Overall, actively growing clouds can
be expected to act as net destroyers of hydrogen peroxide, except possibly near cloud tops, where enhanced solar photon fluxes are available.
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fa. Session 12 B
(W. M. Porch

and C. A. Issac,

co-chairmen)

This part of the In-Cloud Chemistry session dealt with
models of in-cloud and cloud ventilation chemical
effects. Many, but not all, of the models described
were either based on measurements of cloud chemistry and dynamics or tested against measurements.
In the past few years, the nonwater chemistry processes of cloud ventilation above the mixed layer has
received considerable attention. J. K. S. Ching presented the results of a model which now includes
aqueous phase in-cloud pollutant transformation.
This model predicts that cumulus transport and transformation of pollutants out of the mixed layer to the
free troposphere can be as large or larger than the
rate of dry deposition. K. E. Pickering showed the
results of a box model simulation of photochemical
ozone production using trace gas profiles from convective cloud measurements over the Midwest.
Cloud convection in these simulations increased
ozone production due to N O and nonmethane hydrocarbon transport to the free troposphere. F. M.
Vukovich described the results of a cloud module to
estimate the vertical mass flux caused by an ensemble
of nonprecipitating cumulus clouds. The presence or
absence of cumulus clouds was parameterized using
surface temperature and dew point.
The remaining papers in this session dealt more
with the in-cloud chemistry parameterizations in numerical models applied to acid deposition. M. Niewiadomski presented a European three-dimensional
numerical model which includes 17 chemical variables and parameterizes cumulus convection. This
model predicts that sulfate production is influenced
much more by H 2 0 2 than NO x oxidation processes.
A. Venkatram described the results of a scavenging
module of a different three-dimensional acid deposition model. D. A. Heggthen showed a model result
indicating that the cloud chemistry bulk parameterization in long-range transport acid deposition models is appropriate only in cases of relatively high S 0 2
and H 2 0 2 concentrations (greater than 2 and 0.5 ppb,
respectively). He did this by comparingthe bulk parameterization with an explicit cloud model which allows
a skewed distribution of ammonium and hydrogen
ions across the droplet spectrum. G. R. Taylor presented the results of an Eulerian cumulus cloud
model which included an ice phase parameterization. This parameterization produced results which
indicated that models which ignore the ice phase
may greatly overestimate acid deposition.
c. Session

/. Acid

Deposition

( J . K. S. Ching and /. Mahoney,

co-chairmen)

Remarks relating to issues of policy and a scientific
nature from the perspective of the National Acid Pre-
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cipitation Assessment Program (NAPAP) were made
by J. Mahoney at the opening of this session. The six
papers in this session included two papers on measurement programs to evaluate regional models of
acid deposition; one on examining trends in deposition, two on scientific inquiry associated with regional scale Eulerian models, and one on episodes
of acid deposition.

The first two papers were based primarily on the
A C I D Model Operational, Diagnostic Evaluation
Study (ACID-MODES), a field measurement program
designed to evaluate regional acid deposition models. C. Spicer presented an overview of the aircraft
measurements program for performing model evaluation on a diagnostic basis. Unique and varied flight
patterns were designed for purposes of testing models
ability to predict 1) regional patterns and distribution
of primary and secondary pollutants, 2) clear air photochemistry, 3) the extent to which precipitation scavenging occurs during a major frontal passage, and 4)
the temporal changes aloft over multiday simulation
periods. N. Bowne discussed the purpose for and described the operational details of the ACID-MODES
surface sampling program. That network consists of
58 sites distributed in the northeastern United States
which collects 24-h samples of ambient air concentration of gaseous and particulate sulfur and nitrogen
compounds as well as precipitation samples. A data
collection period of 2 yr starting 1 June 1988 provides
the bases for evaluating model predictions of seasonal averages. T. Lavery described the National Dry
Deposition Network (NDDN). N D D N is a network
of sampling sites whose purpose is to collect aerometric measurements of ambient air concentration of
gaseous and particulate sulfur and nitrogen compounds as well as precipitation samples. This program is designed to describe trends in the dry
deposition of acidic compounds. The database will
be used for evaluation of regional acid deposition
models, particularly on a seasonal and annual basis.
C. Fung addressed the following questions: 1) Would
there be a proportional change in deposition to
changes in the overall emission reduction of S 0 2 over
eastern North America? and 2) What are the mechanisms responsible for such outcomes? Using the acid
deposition and oxidant model (ADOM), and in a simulation of conditions applicable to the OSCAR data,
a 50% emission produced a reduction in deposition
of 30% to 4 0 % . This nonlinear response was attributed to oxidant limitation due to low hydrogen peroxide to S 0 2 concentration. A. Venkatram described
the simulation of the 9-1 7 June 1988 ozone episode
in southern Ontario using the A D O M model. Predictions of maximum ozone concentration compared
against values from a network of 30 stations showed
95% of the predictions were within a factor of 2. The
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paper examined how statistics of residuals might be
used to interpret modeling results. T. Laurila ended
the session with a discussion of "Acid Rain Episodes
in Finland." Acidity in rain is pronounced when synoptic events transport pollutants intrusively from the
high emissions areas of continential Europe. Typically, nitrate contributes more to the acidity than sulfate although sulfate acidity is important in the
summer. Precipitation from a central low, west of Finland, contains high nitrate concentration presumably
from the western European source region for nitrogen
oxides. Low cells with a warm sector in the southeast
introduce acidity primarily due to sulfate which is
thought to arise from the S 0 2 source regions of eastern Europe.
d. Sessions

2 and 3. Air Chemistry

and

Meteorology
( J . Gaffney

and).

Miller,

co-chairmen)

Eight papers were presented during the two sessions
on air chemistry and meteorology. The contributed
papers dealt primarily with the atmospheric chemical
production and deposition of oxidants and acidic
species.
W. L. Chameides presented an urban case study
that addressed the importance of natural isoprene
emissions in the production of urban ozone. Using
Atlanta as a case study, Chameides and co-researchers concluded that natural biogenic hydrocarbons are
an important factor in N O and N 0 2 conversion, and
that ozone control strategies that do not take into
account the natural hydrocarbon background will be
in error. R. Dlugi presented research results that dealt
with the deposition of reactive gases and aerosols to
forested canopies. Their results indicated that the reactions of different nitrogenous compounds can modify the measured vertical profiles in such a way that
fluxes calculated by using concentrations as a function of height must be corrected. This work also
pointed out that stomatal resistance needs to be determined accurately if deposition velocities for different compounds are to be determined. Sulfate precipitation patterns over the eastern United States
during the period 1981-86 were presented by B. K.
Eder. Principal component analysis was used to examine the data. The work indicated a general seasonal trend during this period of higher sulfate
precipitation concentrations in summer. R. L. Dennis
presented results of a sensitivity study using the
R A D M engineering model for sulfur dioxide emissions. This work examined the relative deposition ratios for wet and dry processes, by different types of
locations. In general, dry deposition accounted for a
substantial fraction of the sulfur dioxide impacts.
Source-receptor analysis was used to compare the
R A D M results with a Lagrangian model (RELMAP) by

Dennis and co-researchers. The differences between
the models were addressed and discussed relative to
calculation time-step lengths and the simplified meteorology in RELMAP. T.E. Pierce presented modeling
results for ozone in the northeastern United States
that examined the meteorology aspects of elevated
ozone episodes. This work identified three episodes
for candidate studies to examine emission control
strategies for regional oxidant levels. The effects of
grid resolution on photochemical modeling were examined by K. T. Tran. A number of models were
compared for ozone production in urban areas, and
the spatial resolution of emission sources was identified as a key factor. The relationship between sulfur
dioxide and hydrogen peroxide in the northeastern
United States during three summertime cases was detailed by J. F. Boatman. These studies were part of
the NAPAP examination of sulfur dioxide conversion
to sulfuric acid over this region.
e. Session

P4. Poster Session

( W . Bach,

chair)

Eleven posters were presented, covering three broad
categories: emergency response/modeling, data and
analysis of long-range transport experiments, and urban air pollution.
In the emergency response/modeling category, K.
Allwine presented the features of the PGEMS dispersion model that was designed for complex terrain applications. G. H. Clark suggested that probability
distribution of the wind direction range as a function
of time be calculated from historical data at fixed sites
so realistic probabilities of plume spread are available in emergencies at those sites. E. Kaczmarczyk
showed that days when high 24-h concentrations
could be expected are quickly identified by the days
of high (>0.9) relative persistence of the wind. Finally, T. Lockhart described the contents of the recently revised EPA quality assurance handbook on
meteorological observations, giving examples of the
changes.
The long-range transport posters covered several
topics. K. Atchison reported some improvement and
some degradation of modeled trajectories and concentrations when more frequent upper air observations for six stations near the Across North America
Tracer Experiment (ANATEX) release sites were used.
S. Masters gave comparisons of the observed and
modeled concentrations of four ANATEX cases and
evaluated the model's capabilities for vertical mixing
of tracer over extended times. Observed concentrations and modeled relative concentrations were used
by A. Siegel to estimate the emissions from two different sources during ANATEX. A study of the applicability of the particle-in-cell model for long-distance
transport, conducted by D. Rodriguez, showed good
success in estimating magnitudes and time trends of
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cross-wind integrated concentration downwind of
ANATEX release points for a selected period. Test
runs of the M E S O P U F F II model in optional and default modes by J. Godowitch using CAPTEX data
showed the model predictions are quite sensitive to
the wind scheme used and the stability. W. Porch
examined the ANATEX concentration data in the light
of the time evolution of the areal distribution of ventilation and stability (potential temperature difference
between 300 and 1000 m agl), finding that the tracers
mix very little across the borders of the selected scale
fields.
The urban air pollution studies were concerned
with the Denver Brown Cloud Study. W. Neff described five distinct classes of dispersion conditions
for the Denver area and used field data and pictures
to illustrate each. In association with C. King, he also
reported on the minisodar placed next to the C A M P
station in downtown Denver and the observed complex inversion structure associated with short-term
trends in local pollutant concentrations.

f. Session

5. Long-Range

(T. Clark and F. Gifford,

Transport
co-chairmen)

The themes of the nine papers of this session related
to either the analysis of data obtained during the
ANATEX, the evaluation of long-range transport and
dispersion models using tracer data, or the analysis of model-calculated trajectories. R. R. Draxler presented an overview of the ANATEX study that included the experiment design, a summary of the
qualitative results with emphasis on surface monitoring, and a video display of the transport and dispersion of two tracer gases released from separate sites
in central North America during much of the first
three months of 1987. B. J. B. Stunder presented an
overview of the ANATEX aircraft sampling program,
which obtained over 1300 6- or 12-min samples near
the release sites. For approximately one-third of the
samples, the tracer concentrations were at least 15
times greater than the tracer background concentrations. R. N. Lee described the Pacific Northwest Laboratory aircraft operations during A N A T E X and
presented analyses of tracer concentration data obtained during the sampling conducted on a single day
in March.
J. L. Heffter first discussed his approach of estimating the uncertainty of each ANATEX concentration measurement, which considered both the analytical uncertainties of the gas chromatography and
the precision errors in measuring sample volumes.
Secondly, he presented results of an evaluation of the
Branching Atmospheric Trajectory (BAT) model using
the ANATEX concentrations with and without consideration of the estimated uncertainties. He concluded
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that the median ratio of calculated to measured
concentrations decreased when the uncertainties were
considered. T. L. Clark presented the evaluation protocol used to evaluate a varied set of long-range transport and dispersion models in the ANATEX Model
Evaluation Study (AMES). Evaluation measures compared calculated and observed ensemble mean tracer
plume widths and concentrations along bands of sites
and compared the location and transport speeds of
24-h composite tracer plumes. Clark demonstrated
the protocol by presenting the evaluation results for
the Air Resources Laboratory Model (ARLM). W. E.
Davis presented the results of a preliminary evaluation of the multilayer air mass model (MLAM) using
ANATEX data. The model tended to overpredict the
84-day mean surface concentrations; the model overpredicted by at least a factor of 2 at 35% and 67%
of the sites, depending on the tracer.
D. P. Chock compared trajectories calculated from
wind fields generated by three wind processors, each
using a different approach, with the trajectories inferred from the Cross Appalachian Tracer Experiment
(CAPTEX) data. The trajectories generated by the processor using a quasigeostrophic approach veered to
the right; those of the linear interpolation approach
compared favorably when fronts were not present;
those of the mesoscale meteorological (MM4) model
compared most favorably.

J. D. Kahl demonstrated a methodology for establishing confidence limits for source-receptor relationships based on the errors of trajectory ensembles. His
simulations of an inert, nondepositing tracer indicated that for the air quality at a remote site, only
75% of the contributing source regions will be correctly identified. R. J. Evans demonstrated the use of
principal component analysis in determining daily,
weekly and monthly transport patterns across Europe.
He concluded that this approach can identify months
with abnormal transport patterns and can be used to
study Arctic haze episodes.

g. Session

6. Advanced

(T. Lockhart

Measurement

and G. Grams,

Techniques

co-chairmen)

The purpose of this session of the conference was to
introduce exciting new measurement techniques
which either have increased, or have the potential to
improve our understanding of how the atmosphere
interacts with pollution sources. All but one of the
papers in this session describe ground based remote
sensing techniques, and all but one involved active
optical, radar or sonic techniques. The first papers
dealt with optical techniques. R. M. Hoff lead off the
session with a paper describing a new fast-scanning
(10 Hz) Nd-Yag lidar. This instrument has been used
to map pesticide plumes applied by aircraft. The
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complete evolution of the pesticide plume was
shown, including wing tip vortices effects. W. L. Eberhard then described the application of a C 0 2 doppler
lidar to study wind field and aerosol distribution in
the Denver area. The range of this instrument can
approach 25 km with a 300-m resolution in polluted
urban conditions. The ability of the instrument to
measure both aerosol and winds showed both the
short- and long-term character of the Denver Brown
cloud, and the development of associated meteorological conditions. W. D. Neff then described how
an optical crosswind sensor was applied in the Denver experiment. The instrument was set up to determine the mean down- and up-valley wind over a
2.71-km path across the South Platte valley (the principal valley drainage affecting downtown Denver).
These measurements showed a relationship between
poor visibility days and well-developed up-valley return flows. C. W. King then described an innovative
application of a radiometric profiler to monitor vertically averaged humidity in the boundary layer. The
measured humidities compared well with surface
observations. Also, urban rural differences showed
the importance of direct measurement of humidity for
air pollution applications. The next two papers
described fluorescent lidar techniques. R. R. Karl
showed the results of a highly innovative biological
spore sensing lidar. He showed how this system
could be used with benign spores for highly sensitive
three-dimensional tracer studies. The results of an experiment where biological tracers were released were
presented. W. L. Eberhard then described a concept
study based on the use of a multiple fluorescent tracer
lidar. This system would allow the discrimination of
tracers released at separate locations. It would also
allow remote sensing of the plume mixing process in
the atmosphere which is so important in chemical
reaction modeling. W. D. Neff then described how
a doppler lidar was able to map the development of
a lee trough along the eastern foothills of the Rocky
Mountains. The complete morphology of three cases
in the Denver area were described. In each case the
return flows in the South Platte River basin dominated
urban pollution conditions. B. E. Martner then introduced the application of radar to active remote sensing of air movements in clouds. This technique takes
advantage of the very different polarization characteristics of cloud drops and ice compared to designed
chaff tracers. This technique shows much promise for
the study of how air is exchanged between clouds
and their environment. D. W. Wolfe ended the session with a discussion of how fast-response sonic
anemometry was applied to understanding how C O
is mixed in Denver wintertime pollution episodes.
Although the standard deviation of the vertical wind
speeds was negatively correlated with C O concentra-

tions, it was found that the effect of tall buildings
made it difficult to relate the vertical velocity oscillation and the mixing depth determined by remote
acoustic sounding techniques.

h. Session

7A. Local

Diffusion,

Meteorology,

and

Assessment
(C. Briggs and /. Laznow,

co-chairmen)

Papers presented in the first session on Local Diffusion, Meteorology, and Assessment included studies
of turbulence and diffusion in building wakes, surface
roughness effects on dense gas dispersion, and vertical diffusion in near-neutral to very unstable conditions.
Some early results of project STABLE, from elevated SF6 releases made at the Savannah River Laboratory, Georgia, were given by A. H. Weber.
Among the interesting results shown were very large
correlations of concentration with terrain elevation,
and large surface concentrations during a period with
large wind direction shear. Wind and lateral dispersion measurements during stable conditions near
much more complex terrain were reported by R. E.
Eskridge. The site was in Boise, Idaho, only 1 km
from the mouth of a gulch from which flowed a strong
drainage wind. Spectral analysis of lateral velocity
revealed very little energy at high frequencies and
strong peaks with periods of about 1000,200, and
80 s, implying little turbulence and wave-like oscillations. Plume width measurements showed growth
consistent with wave-induced dispersion.
The next three papers addressed aspects of building
or surface roughness effects. An analysis of centerline
concentration measured in building wakes in six field
experiments was presented by J. V. Ramsdell. Multiple linear regression analysis in terms of projected
building area and meteorological variables showed a
wind speed to the 0.7 power relation for concentration. This differs from the standard inverse relationship with wind speed. Ramsdell explained this result
using statistical theory and assumptions about the
magnitude and decay of velocity variances induced
by buildings. Concentration fluctuations in a building
wake were examined by A. H. Huber. The vertically
integrated concentrations were determined from
video images in a wind tunnel. The mean and standard deviation of the integrated concentration were
modeled with a Gaussian puff model (INPUFF) by
assuming a source location oscillating between the
edges of the leeward building face. Building plus surface roughness (z0) effects on enhancement of dense
gas dispersion were examined by R. L. Petersen.
Wind tunnel measurements showed centerline concentrations reduced by a factor of about 5, for a
modeled z0 of 50 cm, and by about 10 downwind of
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a modeled petroleum processing unit, compared to
z0 of 3 cm. The predictions of the SLAB and DEGADIS models compared well with the measurements in uniform surface roughness, but results were
mixed when structures were included.
The final two papers addressed different aspects of
vertical dispersion; both included surface and elevated releases. Wind tunnel and field experiments in
near-neutral conditions were compared to a K-theory
model by M. J. Brown. The model results give the
normalized concentration in terms of a modified Bessel function, which for a surface source is approximated by an exponential relation to height to a power
between 1 and 2. Theory gives the value of the power
of 1.0 to 1.5. Experiments give 1.3 to 1.5 for this
exponent. The theoretical profiles agreed better with
the measurements than a Gaussian plume model.
Field measurements of the horizontally integrated
concentration vs. downwind distance and height (up
to 1600 m) were compared to laboratory and numerical simulations by G. A. Briggs. The 16 periods
of lidar scans of oil fog were nondimensionalized using convective scaling and contours were plotted on
a standard scale to facilitate comparisons. The plume
behaviors in the field were similar to those in the
simulations in about 75% of the cases.
/'. Session

7B. Local

Diffusion,

Meteorology,

and

Assessment
(P. Cudiksen

and R. Petersen,

co-chairmen)

This session on Local Diffusion, Meteorology, and
Assessment covered a variety of topics that included
descriptions of dispersion models, their evaluation
against experimental data, and field studies related
to long-range plume dispersion. The session was initiated by S. Hanna's discussion of a methodology for
evaluating hazardous gas dispersion models. His results suggested that models have little skill in predicting gas concentrations at precise times and
locations, but have more skill in predicting the maximum gas concentration in a set of tracer gas experiments. The mathematical functions incorporated in
a PC-based accidental chemical release model designed for regulatory purposes were described by
Y. J. Lin. The capabilities of the model were demonstrated by its application to a hypothetical chlorine
release. This was followed by R. Brode who presented an overview of the capabilities of the EPA developed SCREEN model, screening estimates of air
quality impacts. The last paper in this session, presented by J. Carras, described the results of Australian
field experiments involving aircraft measurements of
the dispersion of plumes from real sources. His results
revealed significant deviations (including factors of
2-6) from conventional relationships between relative diffusion and travel time.

/. Session

7C. Local

Diffusion,

Meteorology,

and

Assessment
(N. Bowne

and P. Harrison,

co-chairmen)

This session included a variety of papers on atmospheric dispersion in nonhomogeneous terrain. T.
Tirabassi described the 'Influence of Wind Speed on
Features of Air Pollution Ground Level Concentration." Maximum ground level concentration from an
elevated, buoyant plume was calculated using a Weibull distribution of wind speed. Spectral analysis of
wind vector and local sulfur dioxide concentration
identified periods of interest as diurnal and synoptic
at 3.5 days. The diurnal period was dominated by a
local sea breeze. An expression was developed for
mean maximum ground level concentration and its
standard deviation. R. Paine described "The Complex
Terrain Dispersion Model (CTDM) Meteorological
Preprocessor: An Improved Characterization of the
Boundary Layer for Dispersion Modeling Applications/' Similarity theory is used to develop turbulence descriptors and dispersion parameters for the
CTDM. The meteorological processor considers soil
moisture for partitioning sensible and latent heat,
albedo and directional dependent features of the
upwind fetch. Seven of ten maximum 3-h concentrations observed near an Illinois power plant occurred when there had been no significant rainfall for
at least 6 days, pointing out the effect of soil moisture
on turbulence intensity. P. Fransioli surveyed the
"Role of Shear in Valley Flow Dynamics." Valley
drainage winds observed in measurement programs
in the Rockies were reviewed with respect to theoretical models of this phenomena. The development
and breakup of the drainage wind is dependent on
both meteorological structure of the overlying air
mass and shape and alignment of the valley. G. Markowski described "Ventilation in the Lake Powell
Area During the 1986 S C E N E S W i n t e r Special
Study." Unexpectedly high ventilation rates were
found in the Lake Powell basin even during periods
of strong and deep stable atmospheric layers. Ventilation time constants were derived from sulfur dioxide concentration and light scattering coefficient. The
main factor in the fairly rapid ventilation of the valley
was attributed to the low altitude at which the synoptic winds began. The basin ventilation time constant was 0.7 to 1.5 days.
k. Session

8. Urban

Pollution

and

Complex

Terrain I
(W. Neff and C. Huffnagel,

co-chairmen)

This session attracted papers dealing with pollution
over heterogeneous surface cover as well as in a variety of complex terrain settings in Germany, India,
and Southern California. In the first paper of the session, A. Jochum described an experiment designed
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to study ozone transport over a heterogeneous surface of about 10 km2 for a full diurnal cycle. Very
consistent vertical distributions of ozone were found
except in the nocturnal boundary layer and in the
behavior of NO x plumes. It was expected that further
analysis of the dataset would address horizontal
transport. The next three papers dealt with air pollution in India but, unfortunately the authors were
unable to attend the conference. D. Rogers then presented results from the Greater Los Angeles Distant
Impact Study. The authors' study used methyl chloroform, emitted by some 1100 sources in the Los
Angeles basin, as a tracer of opportunity for tracking
the urban plume into the desert to the east. This technique appeared to work well and reproduced diurnal
and weekly cycles. The next study, presented by C.
McGregor, developed from the South Central Coast
C o o p e r a t i v e A e r o m e t r i c M o n i t o r i n g Program
(SCCCAMP). It was demonstrated, through the use of
representative case studies, that surface winds provide an inadequate explanation of transport in the
Santa Barbara channel region, and that convergence/
divergence patterns are important for adequate
modeling of tracers. K. Wagner then compared the
urban airshed model results with ozone observations
from SCCCAMP. The authors found that the model
underpredicted peak concentrations by 19% to 33%.
In evaluation of emission reductions of NO x and
V O C , the model results were shown to be sensitive
to the particular trajectory for each episode. In one
episode there appeared to be little sensitivity, even
to a 50% reduction in emissions. The final paper,
presented by T. Smith, showed results from the EPA
(Las Vegas) airborne, downward-looking lidar as used
in the Santa Barbara channel area. In this investigation of the thermal internal boundary layer (TIBL), the
authors found this boundary layer penetrating inland
as far as 21 km into Ventura County. Comparisons
with the Raynor TIBL model were favorable. The lidar
also revealed a significant proportion (about onethird) of the pollution rising on the mountain sidewalls and returning seaward in an elevated layer.
/. Session

9A. Urban

Pollution

and

Complex

Terrain II
( J . Leone and 5. Barr,

co-chairmen)

The early session of Urban Pollution and Complex
Terrain was devoted to the problems of air pollution
within the Denver-Boulder, Colorado area. The session began with a presentation by W. Neff describing
recent studies of air pollution within the Denver area.
This was followed by papers describing various
aspects of the fascinating meteorology involved in
Denver pollution episodes. A promising method of
forecasting high pollution events based on the oc-

currence and the positions of a lee trough and a 500mb ridge in the N G M results was offered by S. Summers. D. Ruffieux presented a solar radiation model
that was able to model the effects of shadowing due
to buildings in downtown Denver. J. Gaynor demonstrated that while there are similarities between
pollution episodes in Denver and Boulder, significant
differences exist. Gaynor hypothesizes that severe episodes in Denver and Boulder pollution are associated with a three-level wind flow pattern: a cold
weak upslope surface flow, a weak, cool drainage
flow above the surface flow, and a larger-scale warm
strong downslope flow capping the other two layers.
m. Session

9B. Urban

Pollution

and

Complex

Terrain II
(R. P. Hosker

jr. and W. E. Clements,

co-

chairmen)

S. G. Perry described "Laboratory Simulations of
Daytime Mixed Layer Heights in Complex Terrain,"
which used tow-tank experiments to determine the
changes in mixed layer depth over an axisymmetric
hill and a wide hill. Different mixed layer depth to
hill height ratios, and Froude numbers were used.
Both of these dimensionless quantities were determined to be significant, and the often-used "halfheight" displacement modeling approximation was
found to be inaccurate in many cases. R. M. Cionco
described " A M A D E U S : A Dispersion Study Over
Moderately Complex Terrain." This 10-day study was
conducted as part of Project W I N D in a 5 x 5-km
shallow merging-valley area, during moderate to
strong subsidence conditions. Thirteen surface stations, a 32-m mast instrumented at five levels, three
laser anemometers, and a Doppler sodar collected
meteorological data; oil fog and two chemical tracers
provided diffusion data. R. Caiazza described observations of "The Land Breeze in Southeastern Lake
Ontario." Twenty-four surface stations and a Doppler
sodar provided 2 yr of data. Nine different meteorological regimes, their frequency of occurrence, and
some of their observed characteristics were discussed. J. C. Doran discussed " O b s e r v e d and
Modeled Terrain-Induced Shear in Tracer Trajectories" over a 100-km2 region. Aircraft-tracked tracer
plume paths and surface and tower meteorological
data were collected, and used to test a modification
of the RAMS model. The observed and simulated
wind fields were compared and discussed. E. D. Skyllingstad described " A Simple Model for Wind Field
Estimation in Complex Terrain," Vertically-integrated
equations of motion were combined with a boundary-layer growth model. The model was tested
against data from 25 short towers, and the results
were discussed.
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